Game theoretical studies on contest behavior suggest that in foraging predators, interference through loss of foraging time is strongest between equal competitors. However, this phenomenon has not been incorporated into mechanistic models of interference. Instead, such models currently assume that individuals suffer most from dominant competitors, resulting in (semi)-truncated, ideal free distributions (IFDs) of animals. Here, we develop a mechanistic interference model for 2 types of competitors: subordinates and dominants. The assumptions are that subordinates suffer interference through loss of foraging time from dominants but not vice versa. Time loss is greatest when 2 equal searchers interfere. A striking property of this 2-phenotype interference model is that dominants are most superior at intermediate values of the parameters prey density, handling time, and searching efficiency. This is because there the proportion of interfering subordinates relative to interfering dominants was highest. As the interference area for equal searchers increases, the difference in interference between dominants and subordinates diminishes. The IFD of the model is a mixed one with a larger share of dominants on the better patch but where the range of feeding rates exhibited by dominants and subordinates is the same for each patch. This contrasts with the (semi)truncated IFD predicted from other mechanistic interference models. We illustrate the generality of the model assumptions on interference and suggest that our modeling framework is applicable to many predator-prey systems.
M
any ecologists resort to the theory of the ideal free distribution (IFD) when they aim to understand the patch choice of predators (Fretwell and Lucas 1970) . In its original form, the theory assumes that predators are equal, omniscient, and free to move to the patch that maximizes their feeding rate, resulting in so-called IFDs where no individual can increase its feeding rate by moving to another patch. In making a patch choice decision, predators must balance the positive effects of higher food densities against the direct negative effects of higher densities of competitor. These negative effects are thought to arise from mutual interference, which has become a central focus in the field of behavioral ecology (Milinski and Parker 1991; Goss-Custard and Sutherland 1997) .
IFD predictions are strongly affected by how food becomes available for consumption (van der Meer and Ens 1997) . In immediate consumption systems, food items enter the system at a continuous rate and on entry are immediately captured and consumed. The food abundance is thus effectively 0. In these systems, the IFD prediction is that the proportion of individuals in a patch equals the proportion of food in that patch (i.e., the input matching rule, Parker 1978) . However, the vast majority of ecological systems are characterized by a standing stock of food. In that case, one proceeds by first assessing how the per capita feeding rate of predators is related to the quality of a patch and the number and types of competitors in a patch. This yields the so-called generalized functional response (van der Meer and Ens 1997) . The IFD is then defined by the aggregative response, which relates, for all patches, predator density to prey density (van der Meer and Ens 1997).
In practice, predators usually differ in their competitive ability, and in many studies the original IFD assumption of equality has been relaxed. For both immediate consumption and standing stock systems, IFD models have been developed for individuals that differ in competitive ability (Table 1) . Most of these models are phenomenological ( Table 1 ) and predict that predators distribute themselves in 1 of 2 ways: the truncated distribution in which predators separate by competitor type (Parker and Sutherland 1986 ) and the semitruncated distribution in which the most dominant predators use the best food patches and the subordinates occur mixed between better and poorer food patches (Holmgren 1995, Table 1 ). Many ecologists have set out to test these predictions both in the field (Bautista et al. 1995; Milinski et al. 1995; Alonso et al. 1997; Sol et al. 2000) and in the laboratory (Tregenza and Thompson 1998) . In doing so, they ignored the observation that the basic assumptions of the most influential phenomenological models (Sutherland and Parker 1985; Parker and Sutherland 1986) do not necessarily lead to a truncated phenotype distribution at all but can lead to multiple steady states or cycling of individuals between patches (van der Meer 1997). Furthermore, interference in phenomenological models is described by means of an empirical relationship (e.g., Hassell and Varley 1969) . Different empirical descriptions of interference result in different predictions on the IFD of predators (van der Meer 1997) . However, because there is no mechanistic basis for the behavioral processes underlying interference, phenomenological models provide little insight into the cause and effect relationship between interference and predator distributions.
In contrast to phenomenological models, mechanistic models of interference specify the different behaviors and agonistic interactions of foraging predators (Ruxton et al. 1992) , thereby creating a clear, hypothesis-driven relationship between the foraging behavior of ideal-and-free predators and the way they distribute themselves. Only one mechanistic interference model exists that provides predictions on predator distributions for standing stock systems (to which we restrict ourselves because they are representative of most distributions of foraging predators in the wild, if only because prey need a nonzero population size to reproduce and survive). In this model (Holmgren 1995) , predators suffer interference mostly from more dominant or more efficient competitors (Table 1) , and as a result they distribute themselves in a (semi)truncated manner. However, there are good reasons to expect that predators suffer competition mostly from equal competitors, particularly if interference is through loss of foraging time. That is, theoretical studies on assessment games predict and show that behavioral interactions between predators of equal competitive ability last longer than those between unequal predators (Glass and Huntingford 1988; Enquist et al. 1990; Smith et al. 1994; Mesterton-Gibbons et al. 1996; Payne and Pagel 1996, 1997; Payne 1998; Pratt et al. 2003) , which can indeed result in interference being strongest between equal competitors . However, in no mechanistic model of interference is interference strongest between equal competitors, and the consequences for the distribution of ideal, free but unequal predators remain to be explored.
Here, we develop a behavioral model for unequal predators that suffer interference through time wasted in behavioral interactions. Our model concerns 2 types of predators: dominant and subordinate individuals and 3 types of behavior: Kleptoparasitism and patch use change with handling time and competitive and fighting abilities. The total density of competitors in the high-quality patch is lower than that expected from the prey input ratios. When prey input rates are high, there is little kleptoparasitism, and a semitruncated distribution is predicted.
Models that also include other factors such as predation risk (Alonzo 2002) , perceptual limitation (cf. Abrahams 1986), non-IFD movements (Hugie and Grand 1998 , Jackson et al. 2004 , Yates and Broom 2005 , or state dependence (MacNamara and Houston 1990) have been excluded for the sake of generality. a P, phenomenological; M, mechanistic. b SS, standing stock system; IC, immediate consumption system. c IC with changes in ratios of competitive weights across patches. d All competitor types are present in each patch.
searching, handling, and interfering. Searchers interfere with other searchers and with handlers. Not all interference events have the same duration, and not all interference events lead to conflict. Interactions between equal searchers tend to persist longer. Each interaction between a dominant and a subordinate is asymmetrical: the dominant is not affected. Only the subordinate loses time, which can be interpreted as time lost while avoiding the dominant. We explore the general behavior of the model in terms of food intake rates and patch distributions.
THE 2-PHENOTYPE INTERFERENCE MODEL
The proposed model is built on the mechanistic model of the functional response of predators initiated by Ruxton et al. (1992) and improved by van der Meer and Smallegange (2009) but defines the behavior (in terms of time spent searching, handling prey, or interfering) of 2 instead of 1 type of predator. The predator population P consists of a subpopulation of dominants (P 0 ) and a subpopulation of subordinates (P 1 ). Following other functional response models (e.g., Ruxton et al. 1992; Holmgren 1995; Ruxton and Moody 1997) , we consider the dynamics of the standing stock of prey (D) constant relative to the short time period of foraging bouts of the predators. This timescale separation is justified if the decrease in food abundance as a result of exploitation is a relatively slow process compared with the behavioral processes so that it can be assumed that the food abundance is in a (pseudo)steady state.
The subpopulation of dominants is divided into 5 mutually exclusive behavioral states: searching S 0 , handling H 0 , threatening or avoiding a handler or searcher after searching F 0 , threatening or avoiding a searcher after handling G 0 , and fighting with or being vigilant toward a searcher after searching V 0 . The prey capture rate, that is, the transition rate from searching to handling, is determined by the prey density (D), the density of searchers (S 0 ), and the searching efficiency (m) and equals mDS 0 . When a predator has finished handling a prey item, it returns to the searching state at a rate kH 0 , where k is the consumption rate, and the expected handling time of a prey item is 1/k. When 2 searchers fight or are vigilant toward each other, they enter the interference state V 0 at a rate n proportional to the number of ways a pair of individuals can be chosen from the total number of searchers: nÁ½S 0 (S 0 2 1), which for an infinite population is equivalent to n Á ½S 2 0 . Because 2 individuals enter the interference state V 0 , the reaction rate is multiplied by 2. They return to the searching state at the rate fV 0 . When 2 searchers threaten or avoid each other, they enter the interference state F 0 at the rate lS 2 0 , and when a searcher and a handler threaten or avoid each other, they enter the interference states F 0 , respectively G 0 , at the rate lS 0 H 0 . They return to the searching state at a rate uF 0 and to the handling state at a rate uG 0 . The different behavioral states and transition rates are summarized in Figure 1 .
The transitions between the different behavioral states can be captured in a set of 5 coupled ODEs (ordinary differential equations; 1 for each state):
Setting all equations equal to 0 gives the equilibrium densities:
Using the constraint that the sum of
, and S Ã 0 equals the total predator abundance P 0 gives the following quadratic equation:
which can be rewritten as
where
, the ratio n/f is the interference area for equal searchers, l is the rate of predator discovery, and x 0 ¼ S Ã 0 P 0 is the fraction of searching predators. The solution of this quadratic equation is given by
The average intake rate is mD times the fraction of searching predators. So, the functional response is given by
where W is the intake rate. Whereas the behavior of the subpopulation of dominants, as derived above, is basically unaffected by the presence of subordinates (recall that it was assumed that dominants do not lose Table 2 for definitions of parameters. 
Similarly, the rate at which handling subordinates enter the state G 1 ''interfering with a subordinate searcher, avoiding a dominant searcher'' is now given by lH 1 ðS 0 1S 1 Þ. All other things are similar to those given for the dominants, and the equilibrium is again derived by setting all 5 differential equations equal to 0, and the population of subordinate individuals P 1 follows the quadratic equation:
The solution of this quadratic equation reveals a functional response equation similar to Equation 1, but with a 1 and b 1 instead of a 0 and b 0 , where
Note that if no dominant individuals are present, b 1 equals b 0 , and the model of subordinate individuals is then equivalent to the model of dominant individuals.
METHODS OF MODEL ANALYSIS
We explored the general properties of the 2-phenotype interference model by varying each parameter, while keeping all other parameters at fixed default values (Table 2) , and assessed the effect on the feeding rates of dominants and subordinates. To quantify whether interference has a different effect on dominants than on subordinates, we calculated the proportional feeding rate of a dominant individual, that is, the per capita feeding rate of a dominant individual divided over the sum of the per capita feeding rates of a dominant and a subordinate individual (cf. Holmgren 1995) . Subsequently, we used the 2-phenotype interference model to investigate the IFD of a predator population P in a system with 2 patches of different prey densities (Table 2 ). The IFD is one where no individual can achieve a higher feeding rate by moving from one patch to the other. This entails that the distribution of predator type i will be at equilibrium when the per capita feeding rate in the better (b) patch equals that in the poorer (p) patch:
or when all individuals of predator type i are on the better patch. Dominant predators are not affected by the presence of subordinates, and solving the above equation for their equilibrium distribution, using Equation 1, leads tô
wherep 0;b is the equilibrium proportion of dominants in the better patch, with
At very low values of P 0 (i.e., less than 3 dominants in the whole arena),p 0;b is greater than 1 (with all dominants on the better patch), in which case we setp 0;b equal to 1. The equilibrium distribution of subordinates in the better patch is determined by calculating the ''best response curve'' (Vincent and Grantham 1981; Grand and Dill 1999) . This best response curve represents the proportion of subordinates in the better patch as a function ofp 0;b and is similar to Equation 2 but with P 1 instead of P 0 and with a 1;j and b 1;j instead of a 0;j and b 0;j , where j is the better (b) or poorer (p) patch. Note that in b 1;j ; the parameter P 0 should now be read as P 0,j . The best response curve of dominants is independent of the proportion of subordinates in each patch. The point of intersection of the best response curves of dominants and subordinates gives the equilibrium distribution of the predator population. The equilibrium distribution of subordinates and dominants was determined over a range of predator densities (2-600, with numbers divided equally between dominants and subordinates) to investigate its effect on the distribution of predators across 2 patches of different quality.
RESULTS
We first explored how variation in the different parameters affected the feeding rates of predators. Within the explored range of parameter values (Table 2) , the feeding rate of a subordinate individual was always lower than that of a dominant individual. With increasing prey density (D) and searching efficiency (m), feeding rates increased (Figure 2a,c) . Feeding rates decreased with increasing predator density (P i ), handling time (1/k), interaction time (1/u), interference area for equal searchers (n/ f), and rate of predator discovery (l) (Figure 2b,d-g ).
To illustrate the difference in the effect of interference between dominant and subordinate predators, we calculated the proportional feeding rate of a dominant predator (the per capita feeding rate of a dominant individual divided by the sum of the per capita feeding rates of a dominant and a subordinate individual). With increasing prey density, searching efficiency, and handling time, the proportional feeding rate of a dominant predator was greatest at intermediate values ( Figure 2a,c,d ). We illustrate the potential causation of these responses by showing in detail what happens when prey density increases and, as a control, what happens when rate of predator discovery increases. With increasing prey density, the number of searchers decreased and the number of handlers increased (Figure 3a) , which resulted in a unimodal response of the number of individuals in the interacting states F and G with increasing parameter values (Figure 3c) . Also, the number of subordinates relative to the number of dominants in states S and H showed a unimodal response, with the minimum coinciding with the maximum proportional feeding rate of dominants ( Figure 3e ). In contrast, an increase in rate of predator discovery (and predator density and interaction time) resulted in a monotonic increase in the proportional feeding rate of a dominant predator (Figure 2g ). With an increase in rate of predator discovery, the number of searchers and handlers decreased ( Figure 3b ) (but increased with increasing predator density; the proportion of searchers and handlers, however, decreased with increasing predator density as the proportion of interacting individuals increased [ Figure 3h] ). Also, with increasing rate of predator discovery, the number of interacting individuals increased (Figure 3d ). More subordinates than dominants were engaged in behavioral interactions, and as a result the number of subordinates relative to the number of dominants in the searching and handling state decreased, and the proportional feeding rate of dominants increased with increasing parameter values (Figure 3f ). Furthermore, calculating the proportional feeding rate of a dominant predator showed that an increase in the interference area for equal searchers diminished the difference in feeding rate between dominants and subordinates, as a result of which the proportional feeding rate of a dominant predator decreased (Figure 2f) . Finally, to illustrate that interference is indeed strongest for a predator foraging with equal competitors, the functional response is plotted for a subordinate individual foraging in the presence of 20 dominant individuals and in the presence of 20 subordinate individuals (Figure 3g ). The functional response is lowest for a predator foraging with only equal competitors. The IFD at the lowest predator densities is one where all predators stay on the better patch (Figure 4) . However, as predator density increases, subordinates start to occupy the poorer patch, resulting in a semitruncated distribution: the (lower) feeding rates of subordinate individuals are the same across patches, but the (higher) feeding rates of dominant individuals are only observed on the better patch (Figure 4 ). This occurs only over a very small range of predator densities; as predator density increases even more, dominant individuals also start to occupy the poorer patch. This results in a socalled mixed distribution: both dominants and subordinates occur mixed between patches, and the range of per capita feeding rates exhibited by the predators overlap completely across patches (Figure 4 ) (in the Appendix, we perform the same analysis to investigate the IFD for 3 phenotypes: dominants, subordinates, and sub-subordinates). To solve the density of predators in each patch, the intersection of the best response curves was analyzed. For 3 predator densities, the best response curves are presented in Figure 4 , which show the optimal distribution of one predator type, given the distribution of the other predator type in the better patch (note that dominants are not affected by the presence of subordinates). The equilibrium solution is found at the intersection of both best response curves (Figure 4) . Computer simulations were used to verify equilibria. Different initial distributions of predators were chosen: all on the poor or on the rich patch, all dominants on the rich patch and all subordinates on the poor patch and vice versa, and dominants and subordinates equally or randomly distributed between patches. At (e), interference area for equal searchers n/f (f), and rate of predator discovery l (g). The feeding rates of dominants are consistently higher than those of subordinates. The dotted lines represent the percentage of all prey consumed that were taken by dominants (i.e., the per capita feeding rate of a dominant individual divided over the sum of the per capita feeding rates of a dominant and a subordinate individual). Unless otherwise specified, default parameter values were as in Table 2 .
Smallegange and van der Meer • Mixed ideal free distributions 529 each time step, the feeding rate of each individual was calculated on its current patch and if it were to stay on the other patch. The individual that could achieve the greatest increase in feeding rate by switching patches was then allowed to move. In the next time step, feeding rates were calculated again and one individual was allowed to switch patches, and this process was repeated until no individual benefited from switching between patches, thereby fulfilling the condition W ði; bÞ ¼ W ði; pÞ (unless all were on the better patch). The computer simulations confirmed the equilibria found at the intersections of the best response curves. Because all solutions were iterated, they were also stable, that is, each derivative was 0. Because interference is strongest for predators foraging among equals (Figure 3g ), we investigated if the results on the distributions of predators would change if the relative number of dominants and subordinates varied. Firstly, we kept the number of subordinates at a fixed (default) level and varied the number of dominants. At low numbers of dominants, a semitruncated distribution arises: dominants are on the better patch and subordinates occur on both patches ( Figure 5 ). As the number of dominants increases, a mixed distribution arises: the range of feeding rates of dominants and subordinates is the same across patches (Figure 5 ). At very high numbers of dominants, the presence of equals suppresses the per capita feeding rate of dominants to such an extent that it is lower than the per capita feeding rate of subordinates ( Figure 5 ). This does however not alter the type of predator distribution as the range of feeding rates of dominants and subordinates remains the same across patches. Secondly, we kept the number of dominants at a fixed (default) level and varied the number of subordinates. Again, at low numbers of subordinates, a semitruncated distribution arises ( Figure 6 ). As the number of subordinates increases, the predators distribute themselves in a mixed manner (Figure 6 ). At low numbers of subordinates, the per capita feeding rate of subordinates is higher than that of dominants (Figure 6 ), yet this does not alter the fact that predators distribute themselves predominantly in a mixed manner. . Panel (c) shows the numbers of interfering individuals F and G, which are highest at lower prey densities, and panel (e) shows that the ratio of the number of subordinates to dominants in the handling and searching state (solid lines; lines of searchers and handlers overlap) is also highest at lower prey densities. As a result, the proportional feeding by dominants (%) first increases and then decreases with increasing prey density (dotted lines) (e). Similar responses occurred with increasing searching efficiency and handling time (not shown). On the contrary, with increasing rate of predator discovery, l, the number of interfering individuals F and G increase monotonically (d), and the ratio of the number of subordinates to dominants in the handling and searching state decreases monotonically (solid lines: lines of searchers and handlers overlap) (f). As a result of the latter, the proportional feeding by dominants increases with increasing rate of predator discovery (dotted lines) (f). Similar responses occurred with increasing predator density and interaction time (not shown). Panel (g) shows the functional response of a subordinate individual (feeding rate is in number per minute and prey density in number per square meter) foraging in the presence of 20 dominants (solid line) and in the presence of 20 subordinates (dotted line). The final panel (h) shows the proportion of searchers (dashed lines), handlers (solid lines), and interacting individuals (dash-dotted lines) with increasing predator density for both dominants (black lines) and subordinates (gray lines). Unless otherwise specified, the parameter values were as in Table 2 .
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DISCUSSION
Exploring the 2-phenotype interference model to assess how the different model parameters would affect the feeding rates of predators showed a dome-shaped relationship between prey density and the level of aggression between searchers and handlers and between unequal searchers (individuals in states F and G). Such a relationship is predicted by resource defense theory (Brown 1964) , which is an optimality approach to model the use of competitive tactics in defending resources, and its prediction has frequently been tested in foraging experiments (Dubois et al. 2003; Johnson et al. 2004 ). Here, we show that basic behavioral rules of foraging behavior can also result in this relationship without the differential and optimal use of certain behavioral tactics. That is, an optimal prey density existed for dominant individuals at which their per capita feeding rate relative to that of the subordinates was highest and thus where the strength of competition of dominants was strongest.
Because an increase in searching efficiency and handling time affected the number of handling and searching individuals in a similar manner, a similar dome-shaped relationship between these parameters and strength of competition was obtained. We used the 2-phenotype interference model to investigate how predators that suffer interference most from equal competitors would distribute themselves across 2 food patches of different quality. Using this mechanistic model to understand why predators distribute themselves the way they do is appealing because the behavioral mechanisms of foraging and interference are made explicit in the generalized functional response. However, an implicit assumption of the model is that when individuals meet they will always react and fight with, avoid, or threaten the opponent. In that respect, our model could to a certain extent still be considered phenomenological because, despite that it follows predictions from game theoretical models, there is no explicit model of the conflict itself to predict under what circumstances it is best to avoid competitors rather than to challenge them. Ruxton (1998, 2003) have addressed this problem using mechanistic model of Ruxton and Moody (1997) that describes kleptoparasitic behavior among a group of equal foragers. Ruxton (1998, 2003) explored under what circumstances (equal) foragers should pass up the opportunity to kleptoparasitize and under what circumstances they should not. It turned out that changes in ecological conditions (food density, prey type) can cause dramatic changes in the aggressive behavior of individuals. Our model is easily amendable to include kleptoparasitism as the different interference states differentiate between whether individuals were previously Table 2 . Figure 4 The top panel shows the effect of increasing predator density on the proportion of dominants (black lines) and subordinates (gray lines) in the better of 2 food patches (patch size is 2 m 2 ): with increasing predator density both are at first of all on the better patch, then subordinates but not dominants start to move to the poorer patch (semitruncated distribution), and finally also dominants move to the poorer patch (mixed distribution). The middle panel shows the per capita feeding rate (number per second) of dominants (black lines) and subordinates (gray lines) on the better patch (dotted lines) and the poorer patch (solid lines). The lower part of the figure shows best response curves at 3 different predator densities, representative of the 3 types of distributions: all on the better patch, semitruncated, and mixed. In this lowest panel, the lines represent the optimal proportion of dominants (black lines) at each predator density and the optimal proportion of subordinates (gray lines) as a function of the distribution of dominants at each predator density. The intersection of the black and gray lines gives the equilibrium distribution of dominants and subordinates (denoted by filled circles). Parameter values were as in Table 2 . The poorer patch contains 20 prey, and the better patch contains 30 prey. Note log scale on x axis in the top and middle panel.
Smallegange and van der Meer • Mixed ideal free distributions 531 searching or handling. Future modeling efforts could focus on including kleptoparasitism in our model as well as providing individuals with a choice between searching for food or stealing food. In that way, the details of interactions between individuals would provide the underlying mechanistic basis for assessing the strength of interference between individuals of different competitive ability. In our model, as a default, interference was strongest between 2 equal searchers, and the resulting IFD was a mixed one: despite that relatively more dominants than subordinates occurred on the better patch, the range of their feeding rates was equal across patches. As the interference area for equal searchers increased, the difference in feeding rate between subordinates and dominants diminished. As a result, the mixed IFD approached one where both competitor types occurred in equal proportions across the 2 food patches. When we changed the relative number of dominants and subordinates, at certain parameter values, relatively more subordinates occurred on the better patch and exhibited higher per capita feeding rates than dominants. Nevertheless, this did not qualitatively change the results, and predators still predominantly distributed in a mixed manner.
Mixed IFDs have been predicted before for unequal predators but only from phenomenological models of interference (Korona 1989; Adler et al. 2001) . Within that group of models, the only standing stock models that predict mixed distributions are by Adler et al. (2001) . However, in these models, individuals do not differ in competitive ability but in the rate at which they are able to collect resources. When there is only one resource, mixed distributions arise if the ratio of the rate of resource collection in the different food patches is size independent or, in case of 2 resources, if the collection functions of the 2 resources of foragers of a given size are proportional (Adler et al. 2001) . Mechanistic standing stock IFD models predict truncated or semitruncated distributions of predators (Holmgren 1995) , which contrast with our predictions of mixed distributions of predators. The biggest difference between our model and those by Holmgren (1995) is that in the latter interference is strongest between unequal predators whereas in our model interference is strongest between equal predators.
To what extent our predictions may aid in understanding patterns of predator distributions is first of all assessed by evaluating the assumptions of our model against the actual foraging behavior of predators. Firstly, we assumed that interference is through time spent in agonistic interactions, in contrast to, for example, kleptoparasitism (Ruxton and Moody 1997; Broom and Ruxton 1998) . Detailed observations on the foraging behavior of individual animals indeed confirmed for different predator-prey systems (shorebirds and shore crabs foraging on bivalve prey) that interference can occur predominantly through time lost in agonistic interactions (Vahl et al. 2005; Smallegange et al. 2006) . Secondly, and most importantly, the amount of time that predators were fighting or vigilant is assumed to follow predictions from game theoretical studies that state that assessment lasts longest between equal competitors (Enquist et al. 1990; Mesterton-Gibbons et al. 1996; Payne and Pagel 1996, 1997; Payne 1998) . Because these game theoretical models describe fights between a pair of individuals before either of them gains access to a contested resource, we assumed that fights (or assessment of another searcher through vigilance) persist for the longest time when searchers are equal. This has indeed been confirmed in many empirical studies (Glass and Huntingford 1988; Smith et al. 1994; Molina-Borja et al. 1998; Andersen et al. 2000; Pratt et al. 2003; , and as a result interference can be maximal when predators are equal . Finally, we assumed that predators threaten or avoid each other while searching for or handling food (except for dominant predators that encounter a subordinate). In most functional response models, the reason to threaten or avoid competitors is to reduce the risk of being kleptoparasitized while handling food (Stillman et al. 1997 ). In our model, predators did not interfere through kleptoparasitism, but even for predators where kleptoparasitism is not the main source of interference, other motivations exist to threaten or avoid competitors. For example, invertebrate predators might attempt to avoid being killed by a cannibalistic competitor (Moksnes et al. 1998) . Although cannibals generally prey on smaller conspecifics (Polis et al. 1989) , the costs of making a mistake in assessing the size of a conspecific is very high, and therefore, the best strategy might be to avoid any conspecific, be it of larger or of equal size.
In conclusion, general mechanisms that may lead to interference being strongest between equal competitors exist, and here, we showed that in standing stock systems they lead to a mixed distribution of predators. Given the fact that the agonistic interactions of many species conform to the model assumptions on interference, we expect that our modeling framework is applicable in many predator-prey systems. Testing its predictions is, however, constrained by the fact that in standing stock systems the generalized functional response is often not measured prior to testing ideal free predictions (e.g., Alonso et al. 1997; Barbeau et al. 1998 ), or competition between individuals over food is indirect (e.g., scramble competition; Milinksi et al. 1995) . Possibly, observed animal distributions that have been interpreted as partially truncated (e.g., Alonso et al. 1997 ) could very well have been mixed distributions of animals. To distinguish between the different predictions on IFDs of animals, we make the plea that experiments should not be biased toward testing the (semi)truncated IFD. Instead, in case of standing stock systems, ideal Table 2 . free predictions on animal distributions should be formulated using the generalized functional response. In that way, unbiased hypotheses on animal distributions are created that should result in a better understanding of the movement patterns of foraging animals.
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APPENDIX: THE 3-PHENOTYPE INTERFERENCE MODEL
The predator population P now consists of dominants (P 0 ), subordinates (P 1 ), and sub-subordinates (P 2 ). Interactions between sub-subordinates and subordinates and sub-subordinates and dominants are asymmetrical: subordinates and dominants are not affected. The functional response of dominants and subordinates is therefore as before. Sub-subordinates on the other hand are affected by subordinates and dominants in a similar manner as subordinates are affected by dominants. This means that sub-subordinates have a state F 2 ''threatening or avoiding a sub-subordinate handler or searcher after searching, avoiding a dominant or subordinate handler, or avoiding a dominant or subordinate searcher.'' The rate at which this state is entered is lS 2 ðH 0 1H 1 1H 2 1S 0 1S 1 1S 2 Þ: Similarly, the rate at which handling sub-subordinates enter the state G 2 ''interfering with a sub-subordinate searcher, avoiding a dominant or subordinate searcher'' is now given by lH 2 ðS 0 1S 1 1S 2 Þ: All other things are similar to those given for the dominants and subordinates, and the equilibrium densities are again derived by setting all 5 differential equations equal to 0. The population of sub-subordinates P 2 then follows the quadratic equation:
Multiplying the solution of this quadratic equation by mD gives the functional response for sub-subordinates: Investigating the IFD using the 3-phenotype interference model in a system with 2 patches of different prey densities in the same manner as before starts with setting the per capita feeding rate in the better (b) patch of predator type i equal to that in the poorer (p) patch: W ði; bÞ ¼ W ði; pÞ: Because dominants are not affected by the presence of subordinates or sub-subordinates, the solution of this equation for their equilibrium distribution is as in Equation 2. Because the IFD of dominants is independent of the number of individuals of the other types, Equation 2 returns a unique optimal distribution of dominants, given a certain set of parameter values (e.g., see Figure 5 ). Solving W ði; bÞ ¼ W ði; pÞ for subordinates leads to a solution forp 1;b (the equilibrium proportion of subordinates in the better patch) similar to Equation 2 but with P 1 instead of P 0 , a 1,b instead of a 0,b , a 1,p instead of a 0,p , b 1,b instead of b 0,b , and b 1,p instead of b 0,p (note that in b 1,b and b 1,p , the parameter P 0 should now be read as P 0,b and P 0,p ). Because there is only a single optimal distribution of dominants for a given set of parameter values, this means that there also is only one unique optimal distribution of subordinates, given the optimal distribution of dominants. The same rationale holds for the population of sub-subordinates. Solving W ði; bÞ ¼ W ði; pÞ for subsubordinates leads to a solution forp 2;b (the equilibrium proportion of sub-subordinates in the better patch) similar to Equation 2 but with P 2 instead of P 0 , a 2,b instead of a 0,b , a 2,p instead of a 0,p , b 2,b instead of b 0,b , and b 2,p instead of b 0,p (note that in b 2;j the parameters P 0 and P 1 should now be read as P 0,j and P 1,j , where j denotes either the poor [p] or better [b] patch). Again, for a given set of parameter values, there is a unique optimal distribution for dominants and subordinates, from which the optimal distribution of sub-subordinates,p 2;b , can be derived.
Using the above methods to calculatep 1;b ;p 0;b ; andp 2;b ; the IFD at the lowest predator densities is one where all predators stay on the better patch ( Figure A1 ). However, as predator density increases, first sub-subordinates and then subordinates start to occupy the poorer patch, resulting in a semitruncated distribution ( Figure A1 ). Again, this occurs only over a very small range of predator densities; as predator density increases even more, dominant individuals also start to occupy the poorer patch. This results in a so-called mixed distribution: dominants, subordinates, and sub-subordinates occur Figure A1 The top panel shows the effect of increasing predator density (all types in equal numbers) on the proportion of dominants (black lines), subordinates (dark gray lines), and sub-subordinates (light gray lines) in the better of 2 food patches (patch size is 2 m 2 ). The bottom panel shows the per capita feeding rate (number per second) of dominants (black lines), subordinates (dark gray lines), and subsubordinates (light gray lines) on the better patch (dotted lines) and the poorer patch (solid lines). Parameter values were as in Table 2 (the results for dominants and subordinates are therefore equal to those shown in Figure 4) . The poorer patch contains 20 prey, and the better patch contains 30 prey. Note log scale on x axes.
Smallegange and van der Meer • Mixed ideal free distributions 533 mixed between patches, and the range of per capita feeding rates exhibited by the predators overlap completely across patches ( Figure A1 ).
